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Optimal  conditions  for  freezing  and  thawing  schistosomules  were  set 
up.  Thirty  to  60*  of  the  schistosomules  stored  at  -196C  and  quick 
thawed  were  normal  in  appearance  and  activity.  Partial  protection 
of  mice  by  intramuscular  injection  of  cryopreserved  irradiated 
schistosomules  as  shown  by  challenge  worm  reductions  of  50  to  60* 
below  that  of  non- immunized  controls. 
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Background 


Significant  protective  immunity  to  Schi s to soma  mansoni  de¬ 
velops  in  several  mouse  strains  (a)  during  a  patent  chronic  in¬ 
fection,  and  (b)  following  immunization  with  highly  irradiated 
viable  cercariae.  Immunity  in  the  latter  develops  without  the 
complications  arising  as  a  result  of  the  pathologic  changes  in 
a  chronic  patent  infection.  Since  injection  of  highly  irradiated 
cercariae  does  not  lead  to  a  patent  schistosomal  infection  this 
type  of  immunization  shows  potential  for  human  vaccine  use. 
Non-viable  preparations  have  been  almost  universally  unsuccessful 
in  inducing  protective  immunity. 

Deployment  of  a  live  vaccine  on  a  large  scale  however  is 
immediately  beset  with  numerous  problems.  Foremost  among  these 
are  the  complexities  of  maintaining  a  Schi stosoma  man son i  life 
cycle  in  endemic  areas  and  a  facility  for  irradiating  the  freshly 
emerged  cercariae.  By  using  cryopreserved  schistosomules  these 
and  many  other  problems  could  be  effectively  circumvent ed .  Work 
supported  by  this  contract  showed  that  irradiated  schistosomules 
could  be  effectively  frozen  and  stored  in  liquid  nitrogen.  Further¬ 
more,  upon  thawing  they  served  as  effective  immunizing  agents 


against  a  challenge  infection  when  injected 


into  mice. 
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METHODOLOGY  AMD  PKSULTS 


Much  of  the  investigation  supported  by  this  contract 
necessitated  an  empirical  approach.  Methods  developed  for 
successful  freezing  and  thawing  large  quantities  of  viable  S. 
man son i  schi stosomules  are  outlined  below.  All  cooling  pro¬ 
cedures  were  handled  in  a  biological  freezing  unit  (Cryo-Med,  f>t. 
Clemens,  Michigan)  capable  of  providing  reproducible,  predetermined 
cooling  rates.  Except  where  indicated  all  schistosomules  frozen 
were  derived  by  the  shear  pressure  technique  of  Colley  and  V’ikel 
(1974). 

(1)  Table  I  shows  that  aluminum  weighing  dishes  proved  to 
be  the  best  vessels  for  cooling  and  thawing  samples.  Even  dis¬ 
persion  of  heat  throughout  the  suspension  was  insured  by  cover¬ 
ing  the  surface  with  an  aluminum  disc.  High  percentages  of  lively 
organisms  could  not.  be  recovered  when  glass  tubes,  vials,  and 
Petri  dishes  were  used  as  cooling  vessels. 

(2)  Among  the  various  cryoprotectant  media  tested,  17.5% 
methanol  in  Earle's  salts  with  lactalbumin  hydrolysate  (ELAC)  was 
the  freezing  medium  which  reproducibly  yielded  the  highest  per¬ 
centage  of  lively  organisms.  Dehydration  time  for  schistosomules 
suspended  in  17.5%  methanol  at  OC  could  be  extended  as  long  as 

1  hour  (Table  II).  Longer  dehydration  periods  invariably  re¬ 
duced  recovery  of  highly  active  organisms. 

(3)  The  rate  of  cooling  schistosomules  and  the  optimal  temp¬ 
erature  for  quenching  samples  in  liquid  nitrogen  were  interdependent 
(Figure  I) .  Increases  in  cooling  rate  depressed  the  optimal 
quenching  temperature.  Highest  percentages  of 
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normally  active  schistosomules  were  obtained  with  cooliny  rates 
of  0.4  C/min  and  0.8  C/min,  and  corresponding  quenching  tempera¬ 
tures  of  -32  C  and  -35  C,  respectively. 

(4)  Table  III  demonstrates  that  schistosomules  could  be 
stored  for  at  least  2  1/2  months  in  liquid  nitrogen  without  ap¬ 
preciable  loss  in  activity. 

(5)  When  normal,  unattenuated  schistosomules  were  frozen 
and  thawed,  approximately  1»  of  them  developed  to  maturity  when 
injected  into  mice.  Maturation  was  highly  dependent  on  the 
route  of  injection,  the  subcutaneous  route  being  inferior  to 
intramuscular . 

(6)  Schistosomules  attenuated  by  ^Co-irradiation  showed  com¬ 
parable  percentages  of  recovery  of  lively  organisms  to  those  unatten¬ 
uated  by  radiation. 

(7)  Schistosomules  prepared  by  vortex  and  differential 
temperature  methods,  or  by  penetration  of  dried  rat  skin  did  not 
survive  cryopreservation  as  well  as  the  shear  pressure  or¬ 
ganisms  did. 

(8)  Cryopreserved  schistosomules  derived  from  ^Co-irradiated 
cercariae  were  used  in  experiments  to  immunize  mice  against  a 
challenge  infection  with  normal  cercariae.  The  results  demonstrated 
that  irradiated,  frozen  and  thawed  schistosomules  induced 
protective  inununity  in  the  recipients  comparable  to  that  using 
nonfrozen  irradiated  controls  (Tables  IV  and  V) . 


DISCUSSION 


Cryoproservation  of  relatively  larqe  organisms,  such  as 
multicellular  parasites,  presents  a  challenging  problem  for 
optimizing  cooling  and  thawing  procedures.  Various  features  of 
the  problem  contribute  to  this  challenge.  A  schistosomule  is 
composed  of  many  different  coll  types,  each  probably  with 
different  cooling  requirements.  Therefore,  it  may  be  imposs¬ 
ible  to  select  a  single  cooling  rate,  quenching  temperature, 
or  concentration  of  cryoprotective  additive  which  will  support 
survival  of  all  the  component  cells.  The  conditions  adopted 
to  cryopreserve  multicellular  organisms  in  a  viable  state  may, 
at  best,  be  a  compromise.  It  follows  that  establishing  the  best 
procedures  for  cryoproservation  of  schist osomul es  requires  close 
attention  to  detail,  and  a  tedious  empirical  approach.  Never¬ 
theless,  it  is  worthy  of  maximal  effort  since  conditions  have 
not  been  found  to  cryopreserve  the  cercarial  stage  successfully. 

The  potential  for  the  development  of  a  live  vaccine  against 
schistosomiasis  has,  until  now,  been  seriously  limited  because  of 
the  problems  inherent  in  the  storage  and  transporation  of  viable, 
attenuated  organisms.  Research  funded  by  this  contract  has 
led  to  the  development  of  techniques  for  successful  cryopreserv- 
ation  and  recovery  of  attenuated  schistosomules  which  can 
serve  as  effective  immunizing  agents  against  a  challenge  S. 
mansoni  infection. 


SIGN  IK l PANT  ACCOMPLISHMENTS 

1)  Cryopreserv.it ion  of  C'°Co- irradiated  schistosomules  with  re¬ 
covery  after  thawing  of  30  to  60*  normal  in  activity  and 
appearance . 

2)  Partial  protection  of  mice  was  provided  by  intramuscular 
injection  of  cryoprosorved  irradiated  schistosomules  as 
shown  by  challenge  worm  reductions  of  r'0  to  60*  below 
that  of  non- immunized  controls. 
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‘"*lJxper.i  ment  ol  mice  received  two  immun.i  sal.  ions  each  of  1000  of  either 
unfrozen  control  schist onomulos  or  cryoproservcd  sch.i  stor.omulos .  Cryo- 
presorved  schistcsomulcs  were  held  in  .liquid  nitroqon  for  GO  min  before 
thawing  and  injecting  into  mice.  Mice  were  challenged  pei  cutaneous  1  y  with 

150  normal  cercariao. 

b  .  . 

Fifteen  micc/group. 

c 

Groups  1  and  2  immunised  on  bays  1  and  14,  and  challenged  on  bay  70. 

d_ 

Groups  1  and  2  immunized  on  Days  1  and  14,  and  challenged  on  bay  lif». 
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FIC.  I  Com;  arat.j.  vc  c fleets  of  coo  .ling  v.  to  and  g  v  .niching 
.temperate  a  on  recovery  of  normally  active  Schi  -.toac^i-.  :  von  i 
cehistosoinv.lcc  (X  -i-  S.B.) .  Cooling  rates:  O-  n  ,  0.  ?  r/nt  n  •  f*.  --  o 
U./j  C/’Vtin;  o - C  ,  .0.8  C/min;  Q— J  • /.  C/ruin.  At  0 .4  C/miu  and  0.8  C/m.i; 


cooling  rates,  each  curve  re;  sent-  the  xesultc  from  sir  c.xpo •;  < . : 
At  0.2  C/n. !  n  and  1.2  C/m '  >  each  curve  represent  a  the  results.  frc.ri 
three  experiments .  Yho  percentage  of  .scljir.tosemv.le::  deed  at  the  v 
for  each  rate  is:  0.2  C/rain,  tot;  0./  C/ir.Jn,  4  41;  0.8  C /min,  2  8:  ; 
1.2  C/.nin ,  67%.  All  experiments  used  methanol  (17.!}%)  as  the 
cryoprot oc five  uddi Live . 
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